D
espite improved results of rotator cuff repair, retear rates remain a major concern 1, 2 . In an effort to improve the healing rate and decrease the retear rate, numerous investigators have explored better suture techniques. However, less attention has been given to the rehabilitation protocol, which can affect the surgical results.
The primary goal of rehabilitation is to protect the repair and simultaneously achieve a range of motion of the shoulder. In most studies concerning rotator cuff repair, the rehabilitation protocol incorporated immediate passive range-of-motion exercise for the first three to six weeks with the patient wearing an abduction shoulder brace during that time [3] [4] [5] [6] [7] [8] [9] . However, this protocol was primarily based on clinical experience 10 , and on patients treated with open surgery, not arthroscopic surgery. There are few clinical studies regarding the impact of postoperative rehabilitation on healing or stiffness, especially after arthroscopic rotator cuff repair.
Animal studies of the effects of postoperative immobilization or early range-of-motion exercise have demonstrated better healing and improved mechanical properties when immobilization without passive motion exercise was used after rotator cuff repair [11] [12] [13] [14] [15] [16] [17] [18] [19] . Some studies showed less stiffness with longer immobilization and no passive motion after rotator cuff repair in a rat model 15, 16 . The purpose of the present study was to evaluate the effects of immobilization without any passive motion exercise on healing and the development of stiffness after arthroscopic rotator cuff repair and to determine if there was any difference in clinical outcome related to the duration of immobilization. Our null hypothesis was that there were no differences in retear rates, clinical scores, and shoulder stiffness with immobilization longer than four weeks.
Materials and Methods
T his randomized clinical trial was approved by our institutional review board (IRB number 2008-04-051-001) and registered with ClinicalTrials.gov (NCT 00891566) prior to patient enrollment.
Sample Size Calculation
The primary outcome variable for the sample size calculation was the retear rate. A power analysis performed prior to the study indicated that a sample size of forty-two patients in each cohort would provide 90% power (beta = 0.1, alpha = 0.05) to detect a difference of 30% (10% versus 40%) in the retear rate between groups. Fifty patients in each group were enrolled to account for a possible loss to follow-up of 15% to 20%. Simple randomization was conducted.
Patient Enrollment and Randomization
From April 2008 to May 2009, we prospectively recruited participants who met the inclusion criteria, which were painful dysfunction of the shoulder despite conservative treatment for at least three months, no evident history of trauma, and a full-thickness posterosuperior tear 2 to 4 cm in size (measured intraoperatively with a probe with 5-mm-spaced markings). The exclusion criteria were a history of shoulder surgery, fracture, instability, or infection; an incomplete repair; an open repair; and rheumatoid or degenerative arthritis. Patients with limited shoulder motion were not excluded because studies have shown that preoperative stiffness managed concomitantly during rotator cuff repair does not alter the clinical outcome 20, 21 . We did not exclude partialthickness/partial length subscapularis tears found during arthroscopic evaluation 22 . All eligible patients provided informed consent before surgery, and final enrollment was determined at the completion of surgery. Each patient was randomly assigned to be treated with either four or eight weeks of immobilization on the basis of a random sequence determined by a computerized randomnumber generator (Excel; Microsoft, Redmond, Washington). A sealed envelope containing the randomly assigned duration of immobilization was opened by the circulating nurse. 
Surgical Technique
The surgery and postoperative care programs, other than the duration of immobilization, were identical for all study participants. All rotator cuff repairs were performed with the patient in a lateral decubitus position. With the patient under anesthesia, we performed manipulation to address any limitation of motion before the creation of arthroscopic portals. After creation of routine posterior and anterior portals, any intra-articular pathology was addressed 
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accordingly. Additional capsular release was performed with a radiofrequency device (ArthroCare, Austin, Texas) in patients (n = 71) who had showed any preoperative limitation in the range of motion. Thereafter, the arthroscope was inserted into the subacromial space. Acromioplasty was performed when there was evidence of mechanical impingement, including abrasion of the supraspinatus bursal surface and the undersurface of the anterior aspect of the *The values are given as the mean, with the standard deviation in parentheses. †Internal rotation was measured according to the place on the back that could be reached by the thumb, which was then converted to contiguous numbers (1 to 12 = T1 to T12 vertebrae, 13 to 17 = L1 to L5 vertebrae, 18 = sacrum, and 19 = greater tuberosity of the femur). ‡Patients who showed any one of the following three criteria were defined as having stiffness: forward elevation of <120°, internal rotation lower than L3, and external rotation with the arm at the side of <20°. §According to the Sugaya classification, I = sufficient thickness with homogeneously low signal intensity, II = sufficient thickness with partial high signal intensity, III = insufficient thickness without discontinuity, IV = a minor discontinuity, and V = a major discontinuity. #A type-IV or V retear according to the Sugaya classification was considered a full-thickness retear. *The values are given as the mean with the standard deviation in parentheses. †According to the Sugaya classification, I = sufficient thickness with homogeneously low signal intensity, II = sufficient thickness with partial high signal intensity, III = insufficient thickness without discontinuity, IV = a minor discontinuity, and V = a major discontinuity. ‡A type-IV or V retear according to the Sugaya classification was considered a full-thickness retear.
acromion, a prominent anterolateral acromion spur, and a thick excoriated coracoacromial ligament. After debridement of frayed tissue, the tear size was measured with a probe with 5-mm-spaced markings. Single-row rotator cuff repair with use of a simple stitch was performed with double-loaded suture anchors (Bio-Corkscrew Suture Anchor; Arthrex, Naples, Florida) in all patients. A mean (and standard deviation) of 2.4 ± 0.5 suture anchors in the fourweek group and 2.2 ± 0.5 anchors in the eight-week group were used for the repairs (p = 0.119). Two simple stitches per anchor were made, and the repair constructs did not differ between the two groups.
Rehabilitation Protocol
Rehabilitation consisted of four stages. Stage 1 was an immobilization period in which no passive or active range-of-motion exercise was permitted regardless of the duration of immobilization. A sling with an abduction pillow (20°of abduction and neutral rotation) was applied during stage 1. Normal daily activities were allowed as possible with the arm in the sling. Stage 2 was initiated with the removal of the sling and pillow after four or eight weeks of immobilization. Gentle passive range-of-motion exercise was begun with the assistance of a rope, pulley, and cane. A professional therapist educated each patient on a home-based exercise program. Active or active-assisted motion was allowed as patients obtained a nearly full passive range of motion and confidence with the exercise. No strengthening exercise was permitted. Stage 2 was continued for six weeks after stage 1 (from week five to week ten for the four-week group and week nine to week fourteen for the eight-week group). Stage 3 was then begun, at eleven weeks for the four-week group and at fifteen weeks for the eight-week group, and consisted of the strengthening period. The previous stretching exercise was continued, and the strengthening program was begun with graduated elastic bands. Heavy overhead lifting and contact sports were not allowed, but patients were allowed to jog. This period lasted for three months. The fourth visit was at the end of stage 3, usually six months after surgery. In stage 4, full activity, including sports, was allowed if the patient had minimal pain. A flowchart for the rehabilitation is presented in the Appendix. Return to work was determined on the basis of each patient's job activities, and ranged from a few weeks for sedentary work to six months for jobs involving heavy overhead lifting or nailing. *The values are given as the mean, with the standard deviation in parentheses. †Internal rotation was measured according to the place on the back that could be reached by the thumb, which was then converted to contiguous numbers (1 to 12 = T1 to T12 vertebrae, 13 to 17 = L1 to L5 vertebrae, 18 = sacrum, and 19 = greater tuberosity of the femur). ‡Patients who showed any one of the following three criteria were defined as having stiffness: forward elevation of <120°, internal rotation lower than L3, and external rotation with the arm at the side of <20°. §According to the Sugaya classification, I = sufficient thickness with homogeneously low signal intensity, II = sufficient thickness with partial high signal intensity, III = insufficient thickness without discontinuity, IV = a minor discontinuity, and V = a major discontinuity. #A type-IV or V retear according to the Sugaya classification was considered a full-thickness retear.
Outcome Assessments
The primary outcome measure was a retear seen on postoperative magnetic resonance imaging (MRI). The secondary outcome measures were clinical scores and the range of motion measured at six and twenty-four months after surgery by an independent researcher blinded to the group assignment. On preoperative MRI (3.0 T), the tear size in the coronal-oblique and sagittal-oblique plane, muscle atrophy as shown by the tangent sign 23 , and Goutallier classification of fatty degeneration of the supraspinatus, infraspinatus, and subscapularis 24, 25 were measured and the global fatty degeneration index 26 was calculated. T1-weighted, sagittal-oblique images were used for the evaluations of fatty infiltration, where the coracoid process and scapular spine met the scapular body. The Goutallier staging system as adapted for MRI by Fuchs et al. was used 25 , with stage 0 indicating no fat; stage 1, some fatty streaks; stage 2, less fat than muscle; stage 3, equal amounts of fat and muscle; and stage 4, more fat than muscle 27 . Atrophy of the supraspinatus was assessed with use of the tangent technique in the sagittal-oblique plane of the T2-weighted MRI 23 .
When the muscle content was below the tangent line drawn from the upper border of the scapular spine to the upper margin of the coracoid process it was interpreted as supraspinatus atrophy. Postoperative MRI performed six months after surgery was used to assess for retears, which were classified with the system described by Sugaya et al. 4 . Preoperatively and at six and twenty-four months after surgery, the patients were evaluated for passive range of motion (forward elevation, internal rotation to the back, and external rotation), pain score on a visual analog scale (VAS), American Shoulder and Elbow Surgeons (ASES) score 28 , and Constant score 29 . The proportion of patients showing stiffness in each group was determined. If any range of motion was decreased in any plane as compared with the motion of the contralateral shoulder, it was defined as a limitation of the range of motion. Patients with any one of following three criteria were defined as having stiffness: forward elevation of <120°, internal rotation to a point lower than L3, and external rotation with the arm at the side of <20°2 0 .
We assessed the patient's compliance with the assigned duration of immobilization in a sling with an abduction pillow. The principle was to keep the arm in a sling twenty-four hours a day, but whether the patient kept the sling on intermittently or all day was not investigated.
Any additional procedure (such as corticosteroid injection for persistent pain and stiffness) performed during the follow-up period was recorded. Ninety-eight enrolled patients were surveyed via a telephone interview, with regard to their pain VAS score, ASES score, and satisfaction (excellent, good, fair, or poor), at thirty-five months postoperatively.
Statistical Analyses
Patients were analyzed according to the intention-to-treat principle, with use of a full analysis set. Thus, patients who underwent postoperative MRI and returned to the clinic for clinical assessment at least once were included in the evaluation of the twenty-four-month clinical outcome. ''Last observed carried forward'' was used to handle missing data. Decisions concerning the analysis set and handling of missing data were based on the principle to minimize bias and avoid inflation of type-I error 30 . Since we did not exclude patients with stiffness or diabetes preoperatively, we performed subgroup analysis according to the presence of preoperative stiffness or diabetes. The Student t test or Wilcoxon rank sum test was used for continuous variables, and the chi-square test or Fisher exact test was used for categorical variables.
Statistical analyses were performed with the SAS software program (version 9.1.3; SAS Institute, Cary, North Carolina).
The significance level was set at 0.05 for all analyses.
Source of Funding
This study was supported by the Samsung Medical Center grant number CRO112131.
Results

O
f the 100 patients who were enrolled, forty-seven were randomized to the four-week group and fifty-three, to the eight-week group. Eighty-eight patients-forty-four men and forty-four women with a mean age of 59.9 years-who were followed clinically and had postoperative MRI were included in the analysis. The mean symptom duration was 34.9 months. The mean tear size was 22.7 mm (range, 10 to 45 mm) in the coronal-oblique plane and 19.6 mm (range, 5 to 42 mm) in the sagittal-oblique plane on preoperative MRI. There were significant improvements in the clinical scores at twenty-four months after surgery, with the pain VAS score improving from 5.7 preoperatively to 1.0 postoperatively (p < 0.001), the ASES score improving from 45.2 to 90.7 (p < 0.001), and the Constant score improving from 52.7 to 87.3 (p < 0.001). MRI at a mean of 6.8 months (range, six to twelve months) postoperatively revealed nine full-thickness retears (10%). Flexionextension averaged 142.6°; internal rotation, 9.3 (see Table I for explanation of value); and external rotation, 31.2°. According to the telephone surveys at a mean of thirty-five months, the mean pain VAS score was 1.0, the mean ASES score was 91.1, and 89% of the patients rated their result as excellent or good (Fig. 2) .
Comparison of Two Groups (Table I and Appendix) There were no differences between the groups in terms of demographics, measurements on preoperative MRI, range of motion, clinical scores, or concomitant procedures. Twentythree (26%) of the patients (eleven in the four-week group and twelve in the eight-week group) showed stiffness preoperatively. The mean duration of immobilization was 4.1 weeks (range, two to eight weeks) in the four-week group and 7.3 weeks (range, four to eight weeks) in the eight-week group, with a significant difference between groups (p < 0.001). In the four-week group, the actual duration of immobilization was four weeks for thirty-four patients (85%), less than four weeks for four (10%), and more than four weeks for two (5%). In the eight-week group, the actual duration of immobilization was eight weeks for thirty patients (63%) and less than eight weeks for eighteen (38%); no patient had more than eight weeks of immobilization. Comparisons were performed on the basis of the initially allocated immobilization period, according to the intention-to-treat principle, rather than the real duration of immobilization. There were no differences between groups with regard to the passive range of motion or clinical scores at either six months or twenty-four months after surgery. There were five retears in the four-week group and four retears in the eightweek group, which was not a difference of 30% between the two Fig. 2 Rates of patient satisfaction at a mean of thirty-five months after surgery as determined with a telephone survey.
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groups (p = 0.726). MRI measurements including the Goutallier stage of fatty degeneration and muscle atrophy showed no difference between the four-week and eight-week groups. At six months postoperatively, forty-five patients (51%) were considered to have stiffness: twenty-one (53%) of the patients in the four-week group and twenty-four (50%) of the patients in the eight-week group, which was not a significant difference (p = 0.815). Six of these patients (two in the four-week group and four in the eight-week group) complained of stiffness and persistent pain with sleep disturbance at three months postoperatively. They received an intra-articular corticosteroid injection on the basis of the diagnosis of postoperative stiffness between three and six months after surgery. 
Subgroup Analysis According to the Presence of Preoperative Stiffness and Diabetes
An analysis that included only patients with preoperative stiffness showed no difference between groups with regard to any outcome variable. However, when the analysis included only patients without preoperative stiffness, the eight-week group showed a higher percentage of patients with stiffness at twenty-four months postoperatively (33% compared with 3% in the four-week group, p = 0.003). There were four retears (14%) in the four-week group without preoperative stiffness and three retears (8%) in the eight-week group without preoperative stiffness, a nonsignificant difference (p = 0.691). There was no difference between the groups with respect to clinical scores or the final range of motion except that the pain VAS score was lower in the eight-week group (Table II and  Appendix) . Analysis of patients without diabetes showed a higher percentage of patients with postoperative stiffness in the eight-week group (37% compared with 15% in the four-week group, p = 0.046), although there were no differences between the groups with regard to other clinical variables (see Appendix). Analysis of patients without either diabetes or preoperative stiffness also showed a significantly higher percentage of patients with postoperative stiffness in the eight-week group (38% compared with 4% in the four-week group, 0.003). This analysis also showed less forward elevation the eight-week group (142.2°compared with 153.6°in the four-week group, p = 0.045) but similar findings with regard to the other clinical scores and retear rates (Table III) .
Discussion
I mmobilization without passive motion exercises after arthroscopic rotator cuff repair resulted good clinical outcomes with a 10% retear rate. However, more than four weeks of immobilization without passive motion exercise seemed to lead to more stiffness without additional positive effects on healing, although the mean range of motion did not differ between the four and eight-week study groups. There are numerous rehabilitation protocols after rotator cuff repair based on ''clinical experience.'' 9, 25 Millett et al. described a widely used shoulder rehabilitation protocol involving immediate postoperative passive range-of-motion exercise for the first six weeks followed by active motion and strengthening exercise 10 . The concept of early motion emerged from studies of flexor tendon repair 31, 32 . However, unlike the flexor tendon, a torn rotator cuff tendon is repaired at the osseous insertion of the humerus in a tendon-to-bone fashion. Another rationale supporting early motion exercise after rotator cuff repair was based on the results of open rotator cuff repair 10, [33] [34] [35] . However, most rotator cuff repairs are now performed in an arthroscopic fashion, so inflammatory responses and postoperative adhesions might be less. A systematic review revealed a prevalence of resistant stiffness after arthroscopic rotator cuff repair of only 3.3% 36 . Therefore, it might be appropriate to shift our rehabilitation protocol to increase healing of the cuff. Stiffness can be considered a complication, but recurrent rotator cuff tear is a failure 36 . A recent clinical study showed that the retear rate after aggressive early passive rehabilitation was more than twice the rate following limited early passive rehabilitation, although the difference was not statistically significant 37 . In our study, the retear rate after simple-stitch single-row repairs of mediumsized tears and a no-motion-exercise rehabilitation protocol was only 10%, compared with previously reported rates of 20% to 40% 4,38-41 . We could not discern a causal relationship between the immobilization without passive motion and healing. However, we can assume that there might be some correlation between immobilization and the retear rate on the basis of our study. However, immobilization for more than four weeks did not seem to add more benefit in terms of healing. Rather, the prevalence of stiffness at twenty-four months after surgery was higher in the patients treated with longer immobilization, although the mean range of motion did not differ between the groups.
When a patient has a rotator cuff tear with a concomitant limitation of the range of motion, most surgeons recommend that the patient participate in an exercise program for a minimum of three months to regain range of motion preoperatively. Studies have shown 17.4% to 32.7% rates of preoperative stiffness before rotator cuff repairs 20, [42] [43] [44] [45] [46] [47] . We did not exclude patients with preoperative stiffness from our study because of reports that preoperative stiffness managed concomitantly during rotator cuff repair does not alter the clinical outcome 20, 21 . Instead, we conducted subgroup analysis according to the presence of preoperative stiffness or diabetes. We found that preoperative stiffness can be a factor affecting the postoperative range of motion. Patients with preoperative stiffness had approximately a 50% rate of postoperative stiffness regardless of the duration of immobilization. In addition, the e44(7) 
EFFECT O F I M M O B I L I Z AT I O N W I T H O U T PASSIVE EXERCISE A F T E R ROTATOR CUFF REPAIR
results regarding postoperative stiffness were more evident in the subgroup analysis of patients without diabetes or preoperative stiffness. Finally, there was a trend toward higher clinical scores in the eight-week group although this trend was not significant. If there had been significantly fewer retears in the patients managed with longer immobilization, there would have been more favorable clinical scores in the long term. The small sample size might be another reason for the lack of significance. Some may argue about patients' willingness to comply with immobilization. In our study, most patients in the fourweek group adhered to the four-week immobilization protocol whereas only 63% of the patients in the eight-week group adhered to the eight-week immobilization protocol. Four weeks of immobilization would be a reasonable duration for protection of the repair and to achieve good compliance.
This study had several limitations. First, stratification of important prognostic factors, such as age or tear size, was not performed despite the randomization. Second, patients with preoperative stiffness or diabetes were not excluded. Although we performed a subset analysis of patients without preoperative stiffness or diabetes, that might have skewed the results. Third, postoperative MRI at 6.8 months cannot indicate the long-term results. Our small sample size is another limitation. We presumed a retear rate of 40% after conventional single-row repair of medium-sized rotator cuff tears 2, 4, 38, 48 . On the basis of our pilot study, we expected that only one of ten patients treated with eight weeks of immobilization following the repair would have a retear (a rate of 10%). Thus, we obtained the sample size assuming 30% of its effect size. However, our results showed no significant difference between groups.
